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Summary 
Wild deer have an important role in the epidemiology of bovine tuberculosis (bTB). The aims of this study were 
(1) to compare the pattern of lesions present in wild red (Cervus elaphus) and fallow (Dama dama) deer that were 
naturally infected with Mycobacterium bovis, and (2) to use this information to develop a sampling strategy for the 
isolation of M. bovis from the lymphoid tissues of the head of these animals. Culture of head lymphoid tissues 
demonstrated that 28 of 95 red deer and 22 of 100 fallow deer sampled were infected with M. bovis. Approx- 
imately  30%  of each deer population  had  no gross lesions. Fallow deer were signiﬁcantly  more likely to 
have thoracic  lesions than  red deer. Lesions were observed in the retropharyngeal lymph nodes of 64% of 
the culture-positive  red deer and  43%  of the culture  positive fallow deer. One  third  of the red deer, but 
none of the fallow deer, had  well-encapsulated  abscess lesions. There  were no microscopical differences in 
the lesions in the lymph nodes of the red and fallow deer. Bacteriological culture from both the tonsil and retro- 
pharyngeal lymph nodes increased the rate of isolation of M. bovis by 22% over culture of the retropharyngeal 
lymph nodes alone in both species. These ﬁndings indicate that investigation of wild deer for bTB-compatible 
lesions should include examination  of the medial retropharyngeal, left tracheobronchial, mediastinal, mesen- 
teric and ileocaecal lymph nodes. Sampling for bacteriological culture from head lymphoid tissues should be 
from the tonsil and the medial retropharyngeal lymph nodes. These protocols may prove useful in bTB surveil- 
lance and control in regions where wild deer contribute  to the circulation of M. bovis. 
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Introduction 
 
Bovine tuberculosis  (bTB)  caused by Mycobacterium 
bovis and closely related members of the Mycobacterium 
tuberculosis complex (MTbC) has been reported 
worldwide in domestic animals and in wildlife. The 
white-tailed deer (Odocoileus virginianus) is recognized 
as a wildlife reservoir of infection; however, the red 
deer (Cervus  elaphus)  and  domestic deer hybrids  are 
also considered maintenance hosts in some regions 
(Corner,   2006).  In  Europe,   MTbC   infection  has 
been  reported  in  red  deer  and  fallow deer  (Dama 
dama) and less frequently in roe deer (Capreolus capreo- 
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lus) and other exotic deer species (Delahay et al., 2007; 
Partridge  et al., 2008; Balseiro et al., 2009). Hence, 
deer may have an important role in the epidemiology 
of bTB. 
Red  deer  have  almost  worldwide  distribution  as 
they have been widely introduced  for hunting  pur- 
poses or as farmed animals, and bTB has been diag- 
nosed   in   this   species  in   all   continents   except 
Antarctica.    The   highest   prevalence   of  infection 
(above  50%)  occurs  in  farmed  deer  (Mackintosh 
et  al., 2004),  while in  wild populations  the  preva- 
lence is rarely above 20% (Vicente et al., 2006; De- 
lahay  et  al., 2007; Zanella  et  al., 2008). Lesions in 
deer are most often described in the lymph nodes 
(particularly  the   medial   retropharyngeal   nodes) 
 
   
 
and  in  the  lungs.  In  New  Zealand,   over  50%  of 
gross lesions in both farmed and wild red deer occur 
in the lymph  nodes of the head,  especially the me- 
dial  retropharyngeal  node.  Lesions  also  occur  in 
the  oropharyngeal   tonsils,  the  mediastinal,   bron- 
chial and mesenteric lymph nodes and the lung 
(Mackintosh  et al., 2004). One study of Canadian 
farmed elk and  red deer with M. bovis infection de- 
tected  more lung lesions than  lesions in the mesen- 
teric  lymph  nodes  (Rohonczy  et  al.,  1996). 
However,  a  report  of seven infected wild red  deer 
from Austria described lesions in the abdominal  or- 
gans of four animals (Glawischnig et al., 2003) and 
a recent  survey in France  also revealed that  lesions 
were most often found in the mesenteric lymph no- 
des (Zanella  et  al., 2008). These  lesions were often 
abscess-like, poorly encapsulated  granulomas,  which 
frequently contained numerous acid fast organisms 
(Mackintosh   et   al.,  2004;  Johnson   et   al.,  2008). 
The  lesions in elk and  red  deer  usually have  scat- 
tered  foci of peripheral  mineralization  rather  than 
central mineralization  and contain more neutrophils 
and fewer giant cells than  lesions occurring in cattle 
(Rhyan   and  Saari,  1995).  The  tonsil  is probably 
a common  primary  site of infection (Lugton  et  al., 
1998) and is considered to be a major site of persis- 
tence of M. bovis in both  naturally  and  experimen- 
tally infected red  deer (Lugton  et  al., 1998; Grifﬁn 
et  al.,  2006).  However,  tonsillar  lesions may  only 
be detected  in 50%  of culture-positive  samples and 
up  to  28%  of deer  with  no  gross lesions may  still 
be  culture-positive   (Lugton   et   al.,  1998;  Gavier- 
Widen et al., 2009). 
While individual  cases or epidemiological surveys 
have  also been  reported  from fallow deer  (Wilson 
and Harrington, 1976; Robinson et al., 1989; Wahl- 
strom et al., 1998), far less is known about bTB lesions 
and  lesion distribution  in  this  species. Rhyan  and 
Saari (1995) observed that lesions in fallow deer con- 
tained more giant cells, but were otherwise indistin- 
guishable from those occurring in elk or red deer. A 
recent histopathological study reported no signiﬁcant 
difference between  the lesions occurring  in infected 
red or fallow deer (Johnson et al., 2008). 
Since bTB lesions in deer are most often described 
in  the  medial  retropharyngeal lymph  nodes,  these 
are often targeted in active surveillance schemes (Ver- 
Cauteren   et  al.,  2008).  The  highest  prevalence  of 
M. bovis infection ever reported  in a free living deer 
population    occurred   in   Don~ana   National   Park 
(DNP),  in  southern  Spain  (Gortazar et  al., 2008). 
The aims of the present study were therefore to use 
this population  to (1) characterize  and compare the 
distribution  of lesions in  red  and  fallow deer,  and 
(2) to use this information to develop a sampling pro- 
tocol for the isolation of M. bovis from the lymphoid 
tissues of the head of these animals. 
 
Materials and Methods 
 
Animals 
 
From April 2006 to April 2007, 95 wild red deer and 
100 wild fallow deer were sampled  within  Don~ana 
National Park (DNP; 37o00 N, 6o300 W, south-western 
Spain). Animals were shot by DNP ofﬁcers with a per- 
mit from the Park and under the authority  of Conse- 
jerıa de Medio Ambiente, Junta de Andalucıa. A 
necropsy examination  was performed in the ﬁeld, in- 
cluding   detailed   determination  of  morphometry, 
body mass and sex. Based on tooth eruption patterns, 
animals less than 12 months old were classiﬁed as ju- 
veniles, those between 12 and 24 months as yearlings 
and those more than  2 years old as adults (Saenz de 
Buruaga et al., 1991). 
 
Microbiology 
 
Culture was performed separately on lymph node and 
tonsillar tissue. Sample preparation and culture 
methodology were as described by Gortazar  et al. 
(2008). Brieﬂy, the specimens (1e4 g of tissue) were 
decontaminated  with  N-acetyl-L-cysteine   and 
NaOH,  concentrated by centrifugation  and  inocu- 
lated in solid Lowenstein-Jenssen medium with pyru- 
vate.  Identiﬁcation to  species level was performed 
with the GenoType® MTBC system (Hain  Life- 
science GmbH,  Nehren, Germany). 
 
Gross Pathology 
 
The necropsy examination  included detailed macro- 
scopic  inspection  of lymph  nodes  and  abdominal 
and thoracic viscera. This examination  routinely in- 
cluded the parotid,  lateral and medial retropharyng- 
eal and submandibular lymph nodes of the head. The 
tracheobronchial and  mediastinal  lymph nodes and 
lungs were examined within the thorax. Within the 
abdomen,   the  hepatic,   mesenteric  and   ileocaecal 
lymph nodes, ileocaecal valve, liver, kidneys and 
spleen were examined. Any gross lesions in other loca- 
tions were also recorded. Lymph nodes were dissected 
and sectioned serially. Tonsils were routinely sampled 
for culture, but were not sectioned. Any gross tonsillar 
lesions were recorded. 
 
Histopathology 
 
Tissue samples from the  lymph  nodes listed above 
and  the  diaphragmatic lung  lobes, kidneys,  adre- 
nals, liver, spleen, ileocaecal valve and any other le- 
sions were ﬁxed in 10%  neutral  buffered formalin, 
   
 
processed routinely  and  embedded  in parafﬁn  wax. 
Sections  (4 mm)   were  stained   with  haematoxylin 
and eosin (HE)  and by the ZiehleNeelsen (ZN) 
method. Gram and periodic acid-Schiff (PAS) stains 
were performed in order to identify any non-myco- 
bacterial    granulomas    (Martın-Hernando   et    al., 
2007). 
Granulomas  were classiﬁed according to their size 
(A < 1 cm and B > 1 cm) and composition. A type 1 
or early granuloma  consisted of mixed inﬂammatory 
cells, sometimes with a necrotic core. A type 2 gran- 
uloma had mild necrosis and calciﬁcation, with mi- 
nor calcium deposition in the necrotic core. A type 
3 granuloma  had marked  necrosis and calciﬁcation, 
with an area  of calciﬁcation  similar to, or more ex- 
tensive than,  the area of necrosis. This classiﬁcation 
scheme encompasses the consecutive stages of myco- 
bacterial   infection  and  is of epidemiological  rele- 
vance   (Bollo  et   al.,   2000;  Gavier-Widen   et   al., 
2001;   Wangoo    et    al.,   2005;   Martın-Hernando 
et al., 2007). The number  and characteristics  of sat- 
ellite granulomas  were also recorded.  Satellite gran- 
ulomas  develop  by  expansion  of  bacilli  from  the 
initial focus (Dungworth, 1993). 
The degree of encapsulation  of the lesions was 
scored as 0 (no  capsule),  1 (sparse  connective  tis- 
sue), 2 (dense connective tissue) or 3 (a  thick cap- 
sule  of  connective   tissue).   Multinucleated  giant 
cells  were  quantiﬁed   in  10  x100   ﬁelds  in  each 
granuloma. 
Finally, acid-fast bacilli were quantiﬁed  in the ZN- 
stained slides by counting organisms in 200 ﬁelds per 
section (at x1,000 magniﬁcation). The ﬁnal count for 
a given individual was expressed as the mean number 
of mycobacteria  found per tissue section (Martın- 
Hernando et al., 2007). 
 
 
 
Statistical Analysis 
 
The  kappa  statistic was used to measure the agree- 
ment   between  different  techniques.   Homogeneity 
was tested by chi square analysis or, where appropri- 
ate, Fisher’s exact test. Numerical  data  of indepen- 
dent    groups   were   compared    with   the   Mann 
Whitney U test. 
 
 
Results 
 
Lesion Distribution 
 
Culture  of the medial retropharyngeal lymph nodes 
and tonsil conﬁrmed that  28 red deer and 22 fallow 
deer  were infected with  M.  bovis.  In  both  the  red 
and  the  fallow deer,  lesions compatible  with  bTB 
were more often present in the culture-conﬁrmed  an- 
imals (82.1%, 23/28; and 68.2%, 15/22, respectively), 
than  in  culture-negative   deer  (29.8%,  20/67;  and 
17.9%,  14/78,  respectively;  Table  1).  Only  three 
out  of 20 (15%)  culture  negative  red  deer and  no 
culture-negative  fallow deer had  lesions compatible 
with bTB, and these were present in the retrophar- 
yngeal lymph nodes. The following results refer only 
to culture-positive deer. 
Table 2 shows the distribution  of bTB-compatible 
lesions in M. bovis-positive red and fallow deer. The 
proportion  of individuals with no gross lesions com- 
patible with bTB (NGL)  was close to 30% for both 
red and fallow deer. However, microscopical lesions 
were present in three out of eight NGL red deer, but 
in none of the seven NGL fallow deer. In both species, 
gross lesions were almost always larger than 1 cm (B 
lesions). In  M.  bovis-infected red deer,  gross lesions 
were most frequently observed in the retropharyngeal 
lymph nodes followed by the abdominal  tissues 
(mainly the ileocaecal and mesenteric lymph nodes), 
while in fallow deer the lesion frequency was highest 
in the thoracic  region (mainly  the left tracheobron- 
chial and mediastinal lymph nodes). The proportion 
of thoracic  lesions was signiﬁcantly higher in fallow 
deer than in red deer. The percentage of infected ani- 
mals with generalized bTB, deﬁned as lesions occur- 
ring in more than one region, did not differ between 
red deer (46.4%, 13/28) and fallow deer (45.4%, 10/ 
22; c2 ¼ 0.3, 1 degree of freedom, P > 0.05). In  red 
deer,  thoracic  lesions were  found  only  in  animals 
with lesions in both the head and the abdominal  tis- 
sues. In  fallow deer,  abdominal  lesions were found 
 
Table  1 
Comparison of culture and lesion positivity in red and fallow deer 
 
Lesion present Lesion absent Total 
 
 Gross only Microscopical  only Both gross 
and microscopical 
Total  
Red deer Culture + 3 3 17 23 5 28 
 Culture — 12 7 1 20 47 67 
Fallow deer Culture + 1 0 14 15 7 22 
 Culture — 2 4 8 14 64 78 
   
 Present Absent  Present Absent  
Red deer Retropharyngeal lymph 6 3 1 0 10 0 
 Tonsil (5) 3 2 0 0 5 0 
 Both (13) 9 4 0 3 10 0 
 Total (28) 18 9 1 3 25 0 
Fallow deer Retropharyngeal lymph 8 5 0 2 9 2 
 Tonsil (4) 1 1 1 0 4 0 
 Both (4) 5 0 0 0 3 1 
 Total (21) 14 6 1 2 16 3 
 
 
Table  2 
Proportion of M. bovis-infected red deer and fallow deer with  or without gross lesions 
 
Lesions present in Red deer Fallow  deer c2 
 
NGL  28.6%  (8/28)  31.8%  (7/22)   0.62* 
Head  64.3%  (18/28)  44.4%  (10/22)   1.77* 
Thorax  21.4%  (6/28)  50%  (11/22)  4.48, P < 0.05 
Abdomen  53.6%  (15/28)  40.9%  (9/22)  0.79* 
 
NGL, no gross lesions. 
*Not signiﬁcant. 
 
 
Table  3 
Distribution of gross lesions in M. bovis-infected red and fallow deer 
 
Group Lesion distribution Red deer Fallow  deer 
 
Lymph node lesion Visceral lesion Lymph node lesion Visceral lesion 
 
1 Head only 5 0 3 0 
2 Head and thorax  0 0 2 2 (lung) 
3 Thorax  only 0 0 1 1 (lung) 
4 Head and abdomen  7 6 (ICV)  0 0 
5 Abdomen only 2 0 0 0 
6 Head, thorax and abdomen  6 6* 6 5† 
7 Thorax and abdomen  0 0 3 3‡ 
 
Total  20 12 15 11 
 
*Lesions in ileocaecal valve (ICV;  6), lung (3), liver (3) and omentum (2). 
†Lesions in lung (5), ICV (4), spleen (2) and liver (1). 
‡Lesions in lung (3), ICV, omentum and liver (2) and spleen (1). 
 
 
 
only in animals with lesions in the head and thorax 
(Table 3). 
With the exception of one red and one fallow deer, 
all animals with generalized lymph node lesions also 
had visceral lesions. Culture-positive and lesion-posi- 
tive animals comprised 60% of the red deer and 73% 
of the fallow deer. The most commonly affected vis- 
cera included the ileocaecal valve (60%  in red deer, 
40% in fallow deer) and the lung (15%  in red deer 
and 73% in fallow deer). Ten of 13 red deer and eight 
of 10 fallow deer with generalized lesions were adults, 
but the sample was biased towards animals of this age 
group (74 of 95 red deer and 83 of 100 fallow deer). 
There  was no sample bias regarding  the gender  of 
 
 
Table  4 
M. bovis isolation and bTB-compatible lesions observed in the  retropharyngeal lymph nodes and tonsils 
of red and fallow deer 
 
M. bovis isolated Retropharyngeal lymph 
node lesions 
 
Retropharyngeal  lymph 
node not analyzed 
 
Tonsil lesions Tonsil not analyzed 
 
 
 
node (10) 
 
 
 
 
node (13) 
   
 
the animals (red deer: 44 females and 51 males; fallow 
deer: 46 females and  54 males). Generalized  lesions 
were found in seven red deer males and six females, 
and  in  eight  fallow  deer  males  and  two  females 
(c2 ¼ 3.0, 1 degree of freedom, P > 0.05). 
Lesions were observed in the medial retropharyng- 
eal lymph  nodes of 64%  of the culture-positive  red 
deer (18/28). In fallow deer, medial retropharyngeal 
lymph node lesions were observed in 44% of the cul- 
ture-positive animals (10/22). In contrast, tonsillar le- 
sions compatible with bTB were observed in only ﬁve 
animals (three red and two fallow deer). These were 
always  associated  with  medial  retropharyngeal 
lymph node lesions (Table  4). 
 
 
Histopathology 
 
Microscopical examination permitted  detection of le- 
sions compatible with bTB in three of 23 M. bovis-in- 
fected red deer without  gross lesions (Table  1). 
Tuberculous  granulomas  in  both  deer  species had 
large necrotic centres with calciﬁcation. Granulomas 
were surrounded  by a layer of mononuclear  cells and 
macrophages  in different stages of development,  in- 
cluding Langhans type cells. Outside this layer, a con- 
nective tissue capsule was present. These granulomas 
were frequently large and eventually affected the en- 
tire organ. Macrophages were present within the 
capsule and  as small groups  in the  parenchyma  of 
the affected organ (satellite granulomas).  Acid-fast 
organisms (AFOs) were generally present in low 
number and were mostly observed within epithelioid 
and giant cells. 
The  histopathological  features of the tuberculous 
lesions in 18 M. bovis-infected red deer were compared 
with those in 14 M.  bovis-infected fallow deer.  The 
level of calciﬁcation was similar in both species. The 
highest calciﬁcation levels were observed in red deer 
with generalized lesions. 
The number of giant cells per granuloma  was only 
slightly  higher   in  red  deer  than   in  fallow  deer 
(2.64 ± 0.56 versus  1.90 ± 0.66, respectively; U test, 
P > 0.05), although  the number  of Langhans  giant 
cells was similar  in  both  species (0.46  in  red  deer 
and 0.43 in fallow deer). In fallow deer, small groups 
of epithelioid and giant cells separated by connective 
tissue surrounded  the necrotic centre  (Fig. 1). This 
change  was not seen in red  deer,  where giant  cells 
and epithelioid cells were homogeneously distributed 
around  the necrotic core (Fig. 2). 
The capsule of the granulomas was more obvious in 
the lesions of red deer than  in those of fallow deer. 
This was mainly  because one-third  of the red  deer 
(six of 18) had  abscesses with thick capsules, while 
none of the fallow deer had such lesions (0 of 12; Fish- 
 
 
 
 
Fig. 1.  Tuberculous granuloma in the lymph node of a fallow deer. 
Small groups of epithelioid  and  giant  cells separated  by 
sparse connective tissue (arrows) surround the necrotic cen- 
tre of the lesion (top). HE. Bar, 50 mm. 
 
er’s test, P < 0.05). The lesions in ﬁve of 14 fallow deer 
had no capsule at all. On a scale of 0e3, the mean de- 
gree of capsule development  was 1.44 ± 0.26 in red 
deer and 0.79 ± 0.30 in fallow deer, but this difference 
was not statistically signiﬁcant (U test, P > 0.05). Red 
deer with localized lesions had less encapsulated gran- 
ulomas than  those animals with generalized lesions, 
but this difference was not evident in fallow deer. 
Satellite granulomas  were less often found in red 
deer (three  of 12, 25%)  than  in fallow deer (nine of 
13, 69.23%; P > 0.05). Moreover, the satellite granu- 
lomas were less developed in red deer than  in fallow 
deer (mean score 0 in red deer versus 0.33 ± 0.18 in 
fallow deer; U test, P > 0.05). 
AFOs were as often observed in tuberculous granu- 
lomas of red deer (43.7%)  as in those of fallow deer 
(42.9%).  The  number  of AFOs was low except for 
 
 
 
Fig. 2.  Tuberculous  granuloma  in the lymph node of a red deer. 
Giant cells and epithelioid cells are homogeneously distrib- 
uted around the necrotic core (top). HE. Bar, 50 mm. 
   
 
in 2 red  deer  (an  adult  stag and  a  yearling  hind) 
where the lesions contained  moderate  numbers  of 
organisms. 
 
 
Sampling Strategy 
 
In  red  deer,  M.  bovis  was isolated more frequently 
from  the  retropharyngeal lymph  nodes  (23  cases) 
than from the tonsils (18 cases). In 5 animals the agent 
was detected exclusively in the tonsil. In fallow deer, 
M. bovis was also isolated more often from the retro- 
pharyngeal lymph nodes (18 cases) than from the ton- 
sils (8 cases). In  4 animals  the  agent  was detected 
exclusively in the tonsil. Thus, the routine  inclusion 
of culture  from the tonsil would improve the likeli- 
hood of isolating M. bovis by 22%  in both  red deer 
and fallow deer, as compared  with culture  from the 
retropharyngeal lymph nodes alone. 
The kappa agreement  coefﬁcient was calculated 
twice, ﬁrstly in animals with bTB-compatible  lesions 
in the head lymph nodes or tonsils, and secondly in 
all animals,  even if no head  lesions were observed. 
In red deer with head lesions, the kappa  agreement 
between microbiology and pathology was 0.74. In fal- 
low deer with head lesions, the kappa value was 0.57. 
Considering all deer regardless of the presence of head 
lesions, the kappa agreement between culture and pa- 
thology was 0.45 for both red and fallow deer. 
 
 
Discussion 
 
The  results of the present  study have shown differ- 
ences in the distribution and microscopical character- 
istics of lesions in red and  fallow deer naturally 
infected with M. bovis. These data suggest that routine 
sampling for diagnostic purposes should include cul- 
ture from the tonsil in addition to the retropharyngeal 
lymph node. There  also appears  to be broad  agree- 
ment between pathology and culture as diagnostic 
procedures for M. bovis infection in these animal 
species. 
In  the  geographical   area  of the  present  study, 
a slightly lower prevalence of M. bovis infection was 
detected in fallow deer (22%)  as compared with red 
deer (29.5%),  despite the fact that  fallow deer are 
more gregarious and graze (instead of browsing) pro- 
portionally more often than red deer. These are both 
factors that are known to increase the risk of infection 
(Gortazar et al., 2008). Lesions in the lung and  the 
thoracic lymph nodes were more often observed in fal- 
low deer, suggesting that  airborne  transmission may 
be of greater  importance  in this species than  in red 
deer.  The   ﬁnding  that   M.bovis-infected red  deer 
more often had lesions in the abdominal  than  in the 
thoracic  region  is in  contrast  with  observations  in 
some earlier studies of wild and farmed deer (de Lisle 
and  Havill,  1985; Rohonczy  et al., 1996); but  is in 
agreement  with studies of wild red  deer in Europe 
(Clifton-Hadley  and  Wilesmith,  1991; Glawischnig 
et al., 2003; Zanella et al., 2008). 
In the present study, there were few differences be- 
tween the 2 deer species with respect to microscopical 
features such as calciﬁcation, the presence of satellite 
granulomas   and   giant   cells  and   the   number   of 
AFOs. The lesions of fallow deer had slightly less cal- 
ciﬁcation and  encapsulation  than  those of red deer. 
These observations are consistent with those of 
Robinson  et al. (1989) but  not with those of Rhyan 
and Saari (1995). Abscesses with a thick wall of con- 
nective tissue were often present in red deer but never 
in fallow deer. The abscess lesions previously recorded 
in  deer  generally  had  a  thin  capsule  (Mackintosh 
et al., 2004; Johnson et al., 2008). According to the lit- 
erature,   a  lesser degree  of  encapsulation   suggests 
a lower ability to cope with the infection (Clifton- 
Hadley  and  Wilesmith,  1991;  Dungworth,   1993). 
The data related to the frequency of satellite granulo- 
mas and on the number and distribution of giant cells, 
are  also consistent with a reduced  ability  of fallow 
deer to contain the infection. In contrast, other studies 
have found that giant cells were more frequent in the 
lesions of fallow deer than  those of red deer (Rhyan 
and Saari, 1995). 
The  lesions of the deer in the present study were 
characterized   by  the  presence  of low  numbers  of 
AFOs. The number  of AFOs can vary considerably 
in deer (Clifton-Hadley  and Wilesmith, 1991; Rhyan 
and Saari, 1995), but is usually higher in recent infec- 
tions and  in severe cases associated with  mortality 
(Wilson and Harrington, 1976; Dodd, 1984; Johnson 
et al., 2008), when compared  with chronic infections 
(Stuart  et  al., 1988; Robinson  et  al., 1989). Hence, 
the deer sampled  in this study may generally  have 
had chronic infection. 
High percentages of deer with no gross mycobacte- 
rial lesions have also been reported  in farm outbreaks 
(de Lisle and Havill, 1985). In terms of lesion distribu- 
tion patterns, generalized lesions are less often reported 
in recent infections of both wild and farmed deer (de 
Lisle and Havill, 1985). In contrast, generalized lesions 
are often reported  in chronic infections and in farms 
with poor bTB control (Stuart  et al., 1988; Mackintosh 
et al., 2004). This was also probably the case in the geo- 
graphical  area of the present study. However, a high 
rate of generalized disease may also be due to a higher 
susceptibility to systemic spread  of infection (Dung- 
worth, 1993; Mackintosh et al., 2004) and indicate a re- 
duced genetic resistance (Acevedo-Whitehouse  et al., 
2005; Naranjo et al., 2008). The presence of thicker cap- 
sules in  red  deer,  especially in  those  animals  with 
   
 
generalized   disease,  may  be  interpreted  to  mean 
a higher resistance to the infection in that species. 
As expected  given  previous  reports  on  red  deer 
(de Lisle and Havill, 1985; Mackintosh  et al., 2004), 
deer from the present study often displayed bTB-com- 
patible  lesions in the retropharyngeal lymph nodes. 
This observation suggests that large scale studies rely- 
ing only on inspection of the lymphoid  tissue of the 
head will detect a signiﬁcant proportion  of bTB in- 
fected red (64%)  and fallow deer (44%).  Moreover, 
there  was good agreement  between the observation 
of bTB-compatible  lesions in the lymphoid tissues of 
the head and isolation of M. bovis from these tissues. 
Kappa  agreement  between positive culture  and  the 
presence of head lesions was 0.74 in red deer, which 
is close to the 0.8 reported  in farmed animals 
(Rohonczy et al., 1996). However, these kappa values 
are well above the ﬁgure of 0.2 reported  in a recent 
study of wild red deer (Zanella et al., 2008). These dif- 
ferences probably reﬂect differences in the pathology 
protocols in the different studies. 
It  is optimal  to inspect the abdominal  organs (in 
particular the mesenteric lymph nodes and ileocaecal 
valve) in red deer and the lung and associated lymph 
nodes in fallow deer. This contrasts with the situation 
in European  wild boar infected with M. bovis, where 
studies have shown that inspection of the mandibular 
lymph nodes alone would permit detection of >90% 
of infected individuals  with bTB-compatible  lesions 
(Martın-Hernando et al., 2007). 
Thirty  percent of red deer and 18% of fallow deer 
that were culture negative in the present study had le- 
sions compatible with bTB. These individuals may in- 
clude both false negatives (infected but culture 
negative) and deer infected by other organisms that 
produce  similar lesions. For example, mesenteric 
lymph  node and  ileocaecal valve lesions caused by 
M.  avium paratuberculosis  are  difﬁcult  to  distinguish 
from those of bTB (Rohonczy et al., 1996; Mackintosh 
et al., 2004). However, these ﬁgures contrast with the 
30%  of both  deer species that  were culture  positive 
but without gross lesions. Moreover, bTB-compatible 
lesions in the retropharyngeal lymph nodes were only 
observed in 15% of the red deer and none of the fallow 
deer. Thus, lesion-based surveillance would produce 
ﬁgures  that   do  not  signiﬁcantly   differ  from  the 
‘‘true’’ prevalence (see Vicente et al., 2006 for an ex- 
ample of lesion-based surveillance). 
As shown in the present study, including culture of 
the tonsil in the diagnostic protocol would increase 
the probability  of isolating M. bovis by 22%, as com- 
pared  with culture  from the retropharyngeal lymph 
node  alone.  It  is likely that  this  ﬁgure  may  have 
been even greater had culture from the thoracic and 
mesenteric lymph nodes also been included (de Lisle 
and Havill, 1985; Crawshaw et al., 2008). However, 
in animals that are shot, thoracic and abdominal  or- 
gans  are  often  damaged   and  contaminated.  This 
may require more intense decontamination of the tis- 
sue samples prior to culture and cause a loss of sensi- 
tivity, particularly in large scale studies under  ﬁeld 
conditions (Vicente et al., 2006). 
In conclusion, inspection of wild deer for the pres- 
ence of lesions compatible with bTB should routinely 
include multiple sectioning of both medial retrophar- 
yngeal, and the left tracheobronchial, mediastinal, 
mesenteric   and   ileocaecal  lymph   nodes.  Culture 
should be performed  from the tonsil in addition  to 
the medial retropharyngeal lymph nodes. This sug- 
gested protocol may prove useful in bTB surveillance 
and control in regions where wild deer contribute  to 
the spread of M. bovis. 
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